Heavy ion collisions provide a unique probe of the quark-gluon plasma properties. The role of partonic degrees of freedom in p-Pb collisions at √ s N N = 5 TeV by studying the production cross section is studied. Experimental observable like the number of K S mesons is sensitive to the kinematic properties of the reaction. Our results demonstrate the importance of angular distribution for the partonic degrees of freedom in hadronization process. *
Introduction
Our understanding of matter is connected with the increasing of quarks-gluons collision rates and improving of the detectors. New high-energy colliders would allow physicists to probe new form of matter locked inside ordinary nuclei like fireballs [1] and strings [2] . Modern accelerators like RHIC [3] and LHC [4] were installed for studying of the fundamental questions of matter structure from the properties of elementary particles to the evolution of our Universe. The technical capabilities and theoretical achievements would expand our ability to understand the newest and intriguing questions about the substructure of the world.
The quark-gluon properties were studied for a long period of time by C. Pajares and A. V. Ramallo [5] , B. Z. Kopeliovic, B. G. Zakharov [6] , G. C. Rossi and G. Veneziano [2] and by others authors. Starting from ideas of Veneziano [7] was able to construct an S-matrix for the scattering of four mesons that had Regge behaviour at high energy. G. C. Rossi and G. Veneziano proposed string junctions for description of the asymptotic contribution to the annihilation cross section in heavy ion collisions for baryon production. Later there were considered different theoretical models for description of main experimental findings of quark-gluon plasma (QGP).
The experimental investigation of the QGP through the collision of heavy nuclei was espoused in 70's [8] and then it has been pursued up to today. There were the first pioneering experiments in Berkeley, at the JINR in Russia, with nuclear beams of 1 GeV/nucleon, the heavy-ion program of fixed target machines like the SPS at CERN and the Brookhaven National Laboratory, where light (A ∼ 30) and soon after heavy (A ∼ 200) nuclei were collided at energies up to 20 GeV/nucleon. Experiments with heavy-ion collisions were performed at the RHIC with beam energies up to 200 GeV/nucleon, and later at the CERN LHC up to 8 TeV/nucleon.
Theoretical models describing QGP
The fundamental differences with respect to lower energy regimes were studied in heavyion collisions at the LHC. For p-Pb collisions at high energies various features of collectivity have been observed in the high-multiplicity events. Such collective behaviors in a small system have been described by such simulation as hydrodynamic simulation. The analysis of ALICE data in p-Pb collisions at √ s N N = 5.02 TeV aims to see whether there is an evidence for the partonic degrees of freedom in small systems and to develop a hybrid model that combines hydrodynamics, coalescence and fragmentation at different p T , [9] . The gauge-invariant QCD Lagrangian, which is invariant under local transformations and controls the dynamics of the quarks and gluons and can be expressed as follows:
with
and
where quark fields ψ i (x) carry a colour index i = 1; 2; 3 in the fundamental representation, and have mass m q for a given flavour q, A A µ are the gluon fields, λ A ij 2 represent the eight generator matrices of the SU(3) group, the strength of quark-gluon coupling is determined by the coupling constant g s = √ 4πα s . The study of QCD forces is important for understanding the behavior of a heavy-quark potential that is defined by the closed gauge-invariant Wilson loop,
where a, g, A 0 ( x, t) and N t represent the lattice cutoff, the gauge coupling, the time component of gauge potential and the temporal-lattice size for the partial-length Polyakov line (PPL)
The heavy-quark potential is a linearly rising potential, which can be explained with the Coulomb term and the linear term with the string tension. Applying the PPL correlator method to the color decomposed potentials, we have the following potential at zero temperature:
Tr L(R, T )L † (0, T ) .
V (R, 0) in Coulomb gauge corresponds to a color-Coulomb potential, while
which at T → ∞ corresponds to a physical potential, calculated usually from the Wilson loops at T → ∞. These two potentials are expected to satisfy Zwanziger's inequality, V phys (R) V coul (R). According to the specificity of strong interactions, QCD theory allows predictions in the ultra-violet limit for high-energy reactions. But a full understanding of strong interaction is still missing, and only effective QCD models or non-perturbative numerical calculations such as lattice QCD (lQCD) are available. Another model for the theoretical description of the partonic degrees-of-freedom (quarks and gluons) is the Dynamical-Quasi-Particle Model (DQPM) [10] . The Hadron-String-Dynamics (HSD) part of the transport approach [11] is governed by the hadronic part of the interaction. The Parton-Hadron-String Dynamics (PHSD) transport approach is a microscopic covariant dynamical approach for strongly interacting systems [12] , which incorporates explicit partonic degrees-of-freedom in terms of strongly interacting quasiparticles (quarks and gluons) in line with an equation of-state from lattice QCD (lQCD) as well as dynamical hadronization and hadronic elastic and inelastic collisions in the final reaction phase.
Thus the consideration of high energy reactions and the description of nonperturbative potential is connected with using of both string theory and QCD theory. The need to consider a new mathematical apparatus is related to string theory. Its essence boils down to the fact that since the analytical approach does not work, it is necessary to use the S-matrix approach [13] , the development of which led to such a concept as Wilson loops in the framework of string theory
is Nambu-Goto string action, which is proportional to the area of the string worldsheet with metric g. The correlator from the Wilson loop provides information on the interaction potential in multi-particle reactions. On the other hand, the need to work in the field of a lower energy scale than string theory leads to the use of Dynamical Quasi Particle Model (DQPM) [12] V p (T, µ q ) = T 00 g− + T 00 q− + T 00 q− , where T 00 taken from the differential thermodynamic relation 
The use of PHSD model for production cross section calculations
Since PHSD has been successfully applied for p+p, p+A and A+A reactions to describe the final distribution of mesons from lower SPS up to LHC energies [12] , it provides a solid framework for the description of the QGP as well as for the heavy quark interaction as bound states of mesons.
We have used the program [14] with PHSD transport approach [15] for the calculations of K S production differential cross section in p-Pb collisions at 5.02 TeV in the forward and backward beam configurations. The results of our calculations compared with Vassiliev group calculations are presented in Fig. 1 and Fig. 2 .
From the comparison of two rapidity distributions of Fig. 2 done by different groups it can be seen that the regions [1] [2] [4] [5] in forward beam configurations and [−5,−4] in backward beam configurations of rapidity are taken into account in our calculations. Accounting these additional rapidities increases the number of counted particles with different momenta, which is expressed in our results on the differential production cross section for momenta. As the result we can see the difference in the distribution of differential K S production cross sections in Fig. 1 in the forward and backward beam configurations in the region of momenta of order 3.5 -6 GeV/c. In the region of small momenta p T < 1 GeV/c, the difference is observed only in the forward beam configuration.
The collective behaviors of quarks and gluons in a small system have been quantitatively described by hydrodynamic simulations [16] , to check the presence of partonic degrees of freedom in the produced matter. Within PHSD model we also calculated number, N , of K S mesons, produced from quarks and antiquarks. Quantitatively, the difference in the number of K S mesons in the region of momenta and rapidity compared with Vassiliev group calculations is presented in Fig. 3. From Fig. 3 we see the contribution of small and large angles in the number distribution and it is displayed in the momentum distribution in the region of 1 -2 GeV/c.
Conclusions
The study of the properties of quark-gluon plasma and further hadronization process is one of the priority areas of modern high-energy physics. We presented theoretical approaches in the form of string theory and equations of QCD state for an adequate description of the behavior of QGP. The combination of these approximations is presented by PHSD model. In the framework of the PHSD model, we have performed calculations of the differential production cross sections for momenta and rapidity. From the comparison of our results with Vassiliev group calculations we showed that taking into account the peripheral collision regions is essential for the number of formed K S mesons.
